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(54) Title: SPIRAL STENT 




(57) Abstract 

A self-expanding endovascular stent formed of stainless steel wire which is bent into an elongated zigzag pattern (5) and 
helically wound about a central axis (3 1) to define a tubular shape (30). Adjacent bends (8) in the helix are interconnected with a 
Filament (32). The stent (30) is capable of being radially compressed such that the straight wire sections (11, 13 and 15), and the 
bends (8) are tightly packed around a central axis (31). The stent (30) resiliently self-expands to assume a tubular shape when re- 
leased from the compressed state. 
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BACKGROUND OF THE INVENTION 
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nerally to self-expanding 
This invention relates ge testenosi5 of 

e „d„vascular stents for use P .„.„ry»-» 
passageways and ducts in e U ste „„ sis 
percutaneous ly. and aiso balloo „i.ng. 
mediate! y after an impro vement in the 

Tlli s invention repres " ^^ in ,.3. ,atent No. 

5el f-expandin, J 1 "^...^,,.! stents of this type 

4 , 5 »0. 5 68 to ei.»t 0 «co c«n« con fig U ra..ion ».t 

inciude a wire for— » » ° ht sect ions Joined by 

inciudes an endiess series o s reslliell tly 
b ends. A convention! """'^ >ach th . t the straight 
com pressi b ie into a .« « ,„„ closely adjacent one 

sections are arranged sxde The st ent is 

mother for insertion xntc . • P »- « second dia,„eter 

resiUently seU-expanda, e x nt ^ ^ wal]s 

herein the straight sections pre ^ zigza g 

passageway to rcaxntaxn xt op. . situat ions. then 

, stents have proven ,«t. - * ^ /° o aecrease a s the iength of 
performance characterises tend 

lhe stent increases evalu ated with resect 

se j.£-expa»aing stents " e n the „ oiaU y outward 

to four performance ^"^^^ OI1 the vascular wail; 
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, tt ,i,.,t wi» sections ! ' reVe " U .i 
relatively short -cause he s ^ ^ pM „, w . y 

th . stent from -aaar a «t , £ot=e o£ 

o£ . patient. ^ ^rally »«*»" "7 . 
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Th e present inventron in U.S. Patent No. 
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design, however, i. that al ^ _ The resul 

m a,e up the zig»g defined by each pair o 
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SUMMARY OF THE INVENTION 

v „F the present invention 

includes a wire bent i. nt wite sections 

. pl „rality of ««» t " tl,1 £ n £ The elongated 
separating a Plurality of bend- ^ ^ de£jne 

pat tern is -""Ji^-TorU of «- ° £ «— 

tubular shape such that provi ded for 

are disposed - . ^ ~» o£ the helix . The stent has 

interconnecting adjacent com ,, r essed into a 

th e capability of being lU , l(llt u ire sections and 

::.rrr - .» - - 

state. invention is to provide an 

One object of tne P"" nt l ^. ng subs tantially uniform 
elongated self -expanding s« 

of the stent. 

expansile force along the 1 n ^ ^ tg . 

Another object of the p ess ed into a small 

0 self-expanding ^ ^JZell 
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BRIEF DESCRIPTION OF THE DRAWINGS . 

Zi9Z lllT^ enUt 3 ed -ew of one end of the P.««» 

° £ " is a side eievation o £ the Purred embodiment of 

F 4 „ its expanded state. 

th e present invention . xt. «P _ 

FIG . 4 is an end viw o£ the st embo diment of 

FtG 5 is a side elevation of the prefer 
F • <n its compressed state, 

the present invention in it. comp o£ FM 3 

™ •: r/:rr.r. :::.:»..-—» °< ™ 

it-s expanded shape, 
present invention in its expa 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiment illustrated in the drawings and specific 
language will be used to describe the same. It will 
nevertheless be understood that no limitation of the scope of 
the invention is thereby intended, such alterations and 
further modifications in the illustrated device, and such 
further applications of the principles of the invention as 
illustrated therein being contemplated as would normally 
occur to one skilled in the art to which the invention 
relates 

Referring now more particularly to the drawings, there is 
illustrated in FIG.. 1 a midpoint in the construction of the 
stent which comprises the preferred embodiment of the present 
invention. FIG. 1 shows a wire bent into an elongated zigzag 
pattern 5 having a plurality of substantially straight wire 
sections 9-15 of various lengths separated by a plurality of 
bends 8. The wire has first and second ends designated as 6 
and 7, respectively. Zigzag pattern 5 is preferably formed 
from a single strand of stainless steel wire having a 
diameter in the range of 0.005 to 0.025 inch. 

FIG. 3 shows a completed stent 30 according to the 
preferred embodiment of the present invention. The 
construction of the stent is completed by helically winding 
elongated zigzag pattern 5 about a central axis 31. Zigzag 
pattern 5 is wound in such a way that a majority of the bend, 
8 are distributed in a helix along the length of the sLent 
30 There are preferably about twelve interconnected bends 
in each revolution of the helix, or six adjacent bends ot the 
zigzag pattern in each revolution. The construction of stent 
30 is completed by interconnecting adjacent bends of the 
helix with a filament 32, preferably a nylon monofilament 
suture. Filament 32 acts as a limit means to prevent the 
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i, defined by . pXui.Uty of . ^ ^ 

twelves interconnected with . £ conte ,„ plat ed in. 

pediments o £ the presen ^ " in the finished 

ulli ch the end bends 36 ar . 1. ^ £urthe£ 

stent. FIG. 4 shows an end view o ^ ^ o£ plG _ 3 

revealing its tubular shape. rIG - such that lhe 

of straight wire sect ;°" S o ^ r 9 n t0 bet ter facilitate the 
distributed in a certain instruction, ror 

helical structure of the ^ ^ , octionS 9 could be 

instance, in one embodiment " sections u 

roaae to a length of 9 - ollow by wo^ ^ ^ fcy 
each being U mm in length. foll0 wed by two 

, t „o 13 » wire sections 13, "« l ^ sections 15 are 

uir e sections 15 having a length o » - o£ „ 
Allowed by a single wire section 17 h g ^ ^ ^ . 
„. These gradually increasi n w e ^ ^ 

o£ the P.««» ena «• ^ gradually 

; 5 defined square ends. o£ the ziazag 

increasing length wire sec 10 s on eit ^ ^ ^ 

pat tern enable »«^« . ub . tsnti . llr perpendicular to 

which the ends of the Fo llowing wire section 17. 

the central .^f^/Jternating length sections „ and 
30 there are a V"* utJ • „ „„„ in le ngth and long 

15 . Short sections 13 being all etnatimj sequence 

sections 15 being 15 nun in ength^ ^ ^..^ 

is continued for whatever dis ance aiff „.nc. I 

to the desired length of the » ,.1 -f ^ ^ . s 

Loath between the short sections 13 
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primarily dependent upon the desired slope o£ the helix (see 
B in FIG • 6) and the desired number of bends in each 
revolution of the helix. 

Another important aspect of the present invention is 
5 illustrated in FIG- 6, which is an enlarged view of a portion 
of the stent shown in FIG. 3. The body of stent 30 includes 
a series of alternating short and long sections, 13 and 15 
respectively. A bend 8 connects each pair of short and long 
sections 13 and 15. Each bend 8 defines an angle 2u which 
10 can be bisected by a bisector 40. These short and long 
sections are arranged in such a way that bisector 40 is 
parallel to the central axis 31 of the stent. This allows 
the stent to be radially compressed without unnecessary 
dis tor tion . 

15 FIG. 2 shows an enlarged view of one end of the zigzag 

pattern. End 6 of the wire is bent to form a closed eye 
portion 20. Eye 20 is preferably kept cJosed by the 
application of the small amount of solder to the end 6 of the 
wire after it has been bent into a small loop. Each of the 

20 bends 8 of the zigzag pattern are bent to include a small eye 
portion designated as 21 and 23 in FIG. 2, respectively. Eye 
21 includes a small amount of solder 22 which renders eye 21 
closed. Eye 23 includes no solder and is left open. In the 
preferred embodiment, all the end bends 3 6 shown in FIG. 3 

25 are formed and soldered similar to closed eye 21 so that the 
filament which is tied to each eye is less likely to escape. 
The bends 8 which define the helix can be either in the Conn 
of a closed eye, as in eye 21, or open as in eye 23. 
FIG. 7 shows another embodiment of the present 

30 invention. Stent 50 is similar to stent 30 discussed 
previously except in this case, end bends 56 are not 
interconnected to one another. Stent 50 is also different in 
the way that the respective ends oC the wire are connected to 
the remainder of the stent. In the case of stent 50, the end 

35 sections 59 are soldered to an adjacent elongated section 
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elongated stent to . ^ helical 
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-ruin wUh. a .tie- ^ incl^^ 

stent such that an por tions of the 

in this use, tne body 0 L c 

aneurysm 1« q£ the vessel , and ^ be 

would contact tn all eurysn.. 
sle eveo stent »o^J * „ thet «^t.«. 
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material. I£ tu e by embedding 
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that the means for attaching the stent to the sleeve could be 
varied depending upon the sleeve material, and other factors, 
without diverging from the intended scope of the present 
invention. Furthermore, the sleeve itself could be used as 
the means for interconnecting adjacent bends of the helix. 

Another variation of the present invention contemplates 
varying the lengths of the wire sections in the zigzag 
pattern. For instance, shortening the longest section and 
lengthening the shortest sections could be employed to even 
out the forces near the ends of the stent as well as to make 
square ends. Another variation would be to arrange the 
zigzag pattern in such a way that the tubular^Uape defined 
by the stent has a diameter that varies along the length of 
the stent. In other words, a stent could be made hour-glass 
in shape, or have a steadily tapered inner diameter, or even 
a combination of the two. This could be accomplished by 
varying along the length of the stent the number of bends in 
each revolution of the helix. In these variations, the 
helical pattern would be maintained but would be irregularly 
shaped along the length of the stent. Still another 
variation would be to vary the lengths of the wire sections 
within the body of the stent to create curves or to vary the 
expansile force along the length of the stent. 

While the invention has been illustrated and- described m 
detail in the drawings and foregoing description, the same is 
to be considered as illustrative and not restrictive in 
character, it being understood that only the preferred 
embodiment has been shown and described and that all changes 
and modifications that come within the spirit of the 
invention are, desired to be protected. 
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